children and young-and middle-aged adults are all at equally high risk for developing Vitamin D deficiency worldwide, while pregnant and lactating women who take a prenatal vitamin and calcium supplements with Vitamin D remain at high risk for VDD [ Tables 1 and 2] . [12] Vitamin D deficiency (VD) is a well-recognized condition which is prevalent worldwide, particularly at northern latitudes, because of the low levels of UVB light exposure in winter at these latitudes. Several European studies [6, 7] have shown variation in Vitamin D status within countries, which could be explained by factors such as reduced sunlight exposure, low dietary intake of foods rich in Vitamin D, fortification of food with Vitamin D, low physical health status, or differences in biochemical assays used to measure Vitamin D levels. [8] A study published in 2001 reported a prevalence of Vitamin D deficiency from 2% to 30% of European adults but found that it increased to 75% or more in institutionalized older persons. [9] Data from the Third National Health and Nutrition Survey (NHANES III) showed that approximately one-quarter to one-half of American adolescents and adults are deficient in Vitamin D if one uses a threshold of 25 ng/mL. [10] Data from various studies on postmenopausal women revealed that the levels of 1, 25 DHCC below 75 nmol/L (30 ng/mL) ranged from 42% in Brazilian women [11] to 92% in South Korean women. [12] Very deficient levels (≤10 ng/mL) are most prevalent in South Asia and the Middle East, [13] possibly because of cultural dress that limits sun exposure and extended periods of breastfeeding without Vitamin D supplementation.
Cardiometabolic syndrome
The CMS, an interesting constellation of maladaptive cardiovascular, metabolic, prothrombotic, and inflammatory abnormalities, is recognized as a disease entity by the Figure 1 ]. [7] The half-life of Vitamin D in the liver is about 3 weeks. Humans can fulfill their Vitamin D requirements normally by either being exposed to the sun for enough time to produce adequate amounts or ingesting Vitamin D. Vitamin D works with parathyroid hormone (PTH) to mediate skeletal mineralization by controlling calcium absorption in the small intestine and maintaining calcium homeostasis in the bloodstream. Good food sources of Vitamin D include certain kinds of fish, egg yolks, and milk, and it can also be added to some food types such as fortified products including margarine, milk, rice, oats, and juices. [8] Vitamin D is the most natural form of the vitamin since ultraviolet B (UVB) light from the sun strikes the skin and promotes synthesis of Vitamin D3. [9] Vitamin D, whether from the skin or diet, requires its first hydroxylation in the liver by Without Vitamin D, only 60% of phosphorus and 10%-15% of dietary calcium are absorbed since Vitamin D sufficiency enhances calcium and phosphorus absorption by 30%-40% and 80%, respectively. [10] Recent epidemiological studies have noted the relationship between low Vitamin D levels and multiple disease states. Low Vitamin D levels are associated with increased level of diseases. Vitamin D deficiency (VDD) has been defined by the Institute of Medicine as a 25(OH)D of <20 ng/mL while Vitamin D insufficiency has been defined as a 25(OH)D of 20-29.9 ng/mL. [11] It has been found that VDD is common in Australia, the Middle East, India, Africa, and South America, concentrations), prothrombotic, inflammatory states, central fat accumulation, and insulin resistance (IR). These multiple cardiovascular and metabolic disorders that clusters together in the same individual more often than might be expected by chance lead to an increased probability of suffering from CVD and type 2 diabetes mellitus (T2DM). [13, 14] These cardiovascular and metabolic abnormalities can lead to substantial increases in CVD morbidity and mortality, making this syndrome an established and strong risk factor for premature and severe CVD and stroke. Established and evolving medical/nutritional treatment strategies, including weight reduction, rigorous BP control, moderate physical activity, and control hyperglycemia and dyslipidemia, have proven beneficial in reversing these abnormal responses and decreasing the CVD risk. [15] According to the American Heart Association and the National Heart, Lung, and Blood Institute, the exact definition of CMS can be identified as the presence of 3 or more of the following components: (1) elevated TG (<150 mg/dL), cholesterol (>200 mg/dL), and LDL cholesterol (>100 mg/dL); (2) obesity with >30 kg/m 2 and waist circumference >102 cm in men and >88 cm in women; (3) elevated BP systolic and/or diastolic BP >130/85 mmHg); (4) elevated fasting glucose (>100 mg/dL, including prediabetes and diabetes); and (5) reduced HDL-C (<40 mg/dL in men, <50 mg/dL in women). [16, 17] 
Vitamin D and obesity
Obesity is defined by the World Health Organization as a body mass index (BMI) of 30 kg/m 2 or more. There is a consistent association in the published literature between increasing and lower serum 25-hydroxyVitamin D (25D) concentrations which can be related to many problems. Each unit increase in BMI levels is associated with 1.15% lower concentration of 25(OH)D, with adjusted age and sex. [18] Some studies reported an association between obesity, high concentrations of PTH, and 1, 25-dihydroxyVitamin D (1,25D) with low serum 25D concentrations. [19] This might be related to various reasons including: low Vitamin D intake as it has been reported that Vitamin D intake as being lower in obese men when compared to their nonobese counterparts; low calcium intake along with Vitamin D intake has also been associated with obesity in both men and women, but this association does not appear to indicate a causal relationship. [20] Altered behaviors, low synthetic capacity, intestinal absorption, and altered metabolism can all play a major role in controlling Vitamin D levels. Obese individuals tend to expose themselves less to the sun than nonobese individuals, resulting in reduced synthesis of Vitamin D. However, another study found no association in a study of individuals aged >65 years. This is related to the decline in cutaneous Vitamin D synthetic capacity associated with age. [21] A reduced level of Vitamin D is also noticed in those who have had gastric bypass or bariatric procedures, in which a malabsorptive state is intentionally induced. [22] This consideration is improved with increasing frequency for weight reduction. Gastric bypass or bariatric procedures or the combination of both reduced preoperative vitamin concentration and malabsorption may lead to severe Vitamin D deficiencies. Supplementation with Vitamin D should be considered before and after surgery. [23] One study done among 77 overweight and obese women for receiving either 1000 IU of Vitamin D daily or a placebo. Vitamin D supplementation caused a significant drop in body fat mass compared with the placebo. A significant rise in 25D concentrations and changes in both 25D concentration and fat mass were inversely correlated. [24] There is also evidence that weight reduction leads to increased 25D concentrations that in turn provide extra protection against chronic disease. Data collected from 383 overweight or obese women who 
Dyslipidemia
There is a significant increase from baseline in HDL-cholesterol levels in both males and females [46] There is no significant change noted in cholesterol levels [46] Blood pressure There is no significant change in the mean systolic pressure [46] Glucose intolerance
Modest effects of Vitamin D on glycemic control and insulin resistance but still insufficient to recommend Vitamin D supplementation for DMT2 patients [46] Overweight/obesity No significant change in the BMI [46] Cardiovascular Monthly high-dose of 100,000 IU Vitamin D supplementation does not prevent CVD [47] Pregnancy Supplementation of 4000 IU/day for pregnant women was safe and most effective in achieving sufficiency in all women and their neonates [51] HDL: High-density lipoprotein, DMT2: Diabetes mellitus type 2, BMI: Body mass index, CVD: Cardiovascular disease participated in a 2-year clinical trial of a weight-loss program indicated that 25D levels increased by 2.7 ng/mL (6.8 nmol/L) for those who lost 5%-10% of baseline weight and by 5.0 ng/ mL (12.5 nmol/L) for those who lost >10% of baseline weight (P = 0.014). These findings proposed that weight loss is associated with improved serum 25D concentration in overweight or obese women [ Table 3 ].
[25]
Vitamin D and cardiovascular diseases
Epidemiologic studies have recently linked low levels of Vitamin D with increased risk of cardiovascular events. They have suggested that 25(OH)D deficiency plays a role in diabetic CVD, myocardial infarction (MI), heart failure, and peripheral vascular disease. One study showed that a decreased Vitamin D level is significantly associated with high prevalence of coronary artery disease (CAD). Low Vitamin D is linked to a 3-fold increase in the rate of MI among males with HTN making the risk of developing CAD eight times higher with low Vitamin D regardless of gender in Arab Gulf countries. [26] Technology, sedentary activity, and unhealthy dietary patterns are all factors have led to a higher prevalence of low Vitamin D despite the presence of sun most of the year. In addition, a high level of Vitamin D deficiency has been recognized in Middle Eastern females as a result of the cultural habit of remaining covered. [27] A clear association between Vitamin D status and the occurrence of acute MI and coronary heart disease (CHD) has not been firmly established. In a study that compared healthy participants with 128 patients having either acute MI or angina, overall 25(OH)D levels were similar between groups. [26] However, in another study, where 25(OH)D levels between 15 patients with acute MI and 60 age-matched control patients were compared, the Vitamin D levels did not differ significantly between groups. [24] In the analysis of a cohort study, 454 men who reported nonfatal acute MI or fatal CHD had significantly lower levels of 25(OH)D when compared with 900 matched controls without CVD. This risk remained significant after adjustment for other risk factors including MI, diabetes, HTN, race/ethnicity, BMI, and other factors. [27] The rate of cardiovascular complications including MI and heart failure was 53%-80%, respectively, higher in individuals with Vitamin D deficiency that were followed for about 5 years. There are several mechanisms that can explain the association between Vitamin D level and CVD development. [27, 28] Impaired levels of 25-hydroxycholecalciferol lead to some changes in the smooth muscle of the vascular wall along with inflammation and thrombosis which could explain cardiovascular complications. Vitamin D deficiency may also trigger secondary hyperparathyroidism. Consequently, PTH can promote myocyte hypertrophy and vascular remodeling. While, others suggested that PTH has a pro-inflammatory effect and stimulates the release of cytokines by vascular smooth muscle cells. [28] Both Vitamin D receptor (VDR) and 1-a-hydroxylase which convert Vitamin D into the hormonal 1, 25-OHD2 (calcitriol) form are actively expressed in cardiovascular tissues, including endothelial, cardiomyocytes, and vascular smooth muscle cells. A study where rats had been fed a Vitamin D and a reduction in calcium levels. These effects were readily corrected by Vitamin D analogs. [29] Vitamin D metabolites reduced both endothelium-dependent vascular smooth muscle contractions along with vascular tone in hypertensive models, and an effect mediated through affecting calcium influx across endothelial cells. [30] A study that included people above 65 years of age suggested an increased risk of Vitamin D deficiency in overweight and higher body fat percentages. [44] As previously mentioned, studies also support an inverse relationship between weight loss and Vitamin D serum changes. This is shown to be effective in eliminating obesity-related inflammation since significant reductions in levels of interleukin-6 (IL-6), an IL that acts as both a pro-inflammatory cytokine and an anti-inflammatory myokine, were noted with intervention combining Vitamin D3 supplementation and a weight-loss program. Low serum 25(OH)D was found to be significantly associated with high serum IL-6 in overweight/obese children, and with increased high-sensitivity C-reactive protein (CRP) in obese children, 1, 25(OH)2D3 is also found to have a strong inhibitory effect on nuclear factor κB (NFκB) signaling in human adipocytes. NFκB proteins are a family of five structurally related transcription factors and the proteins synthesized as precursors. [26] On the contrary, a meta-analysis conclusive of 13 randomized controlled trials (RCT) suggests that Vitamin D supplementation does not affect inflammatory markers: CRP, tumor necrosis factor-alpha, and IL-6 in overweight or obese participants. Some studies do not support any link between Vitamin D supplementation and obesity. Supplementation with Vitamin D showed no effect on adiposity measures in adults. An increase in serum levels of 25(OH)D or other inflammatory markers was not observed in overweight and obese youths with 150,000 IU supplemented every 3 months. Further investigation regarding potential dosage and frequency is needed [30, 31] since another trial with dosage as low as 400 IU up to 4800 IU daily yielded serum changes when administered for 12 months.
In 1739 participants in the Framingham Offspring Study, participants were free of CVD at baseline while the rate of major disease events was 53%-80% higher among those with reduced Vitamin D levels, with the increased risk magnified among those with HTN. However, this study suggested a slightly increased risk at higher 25(OH)D levels. [26] On the other hand, in an analysis of 13,331 adult participants from the NHANES III study who were followed for about 8.7 years, mortality was inversely linked with Vitamin D levels. Twenty-six percent showed increased mortality compared with the highest quartile with the lowest quartile of 25(OH)D (17.8 ng/ml). [31] The association between Vitamin D and dyslipidemia It is reasonable that dyslipidemia should also be considered as a potential link with Vitamin D status because dyslipidemia is a well-described independent risk factor for CVD. Observational studies have indicated that high 25-hydroxyVitamin D (25(OH)D) levels were associated with a favorable serum lipid profile. However, a solid rationale for such association is difficult to determine unless there is an effect of Vitamin D supplementation on serum lipids in placebo-controlled randomized trials. Unfortunately, the intervention studies gave divergent results with some showing a positive and some a negative effect. [32] The association between Vitamin D and CVD could be explained by a lipid-lowering effect of Vitamin D. This has been substantiated in several cross-sectional studies, and there is a general agreement that high serum 25(OH)D levels are associated with a favorable serum lipid profile. However, associations derived from observational studies are no proof of causality, particularly for Vitamin D. A meta-analysis study of RCTs indicated that Vitamin D supplementation provided a statistically significant increase in LDL-C (3.23 mg/dl). There was also a tendency toward an increase in TC (1.52 mg/dl) with supplementation of Vitamin D, and the reductions in HDL-C (−0.14 mg/ dl) and TG (−1.92 mg/dl) were both nonsignificant. The effect of Vitamin D supplement on serum LDL-C levels seemed more significant in obese participants and in studies with relatively shorter durations while studies with longer durations only showed a significant reduction in HDL-C levels (−2.01 mg/dl). [33] More interesting, however, are the results from the interventional or longitudinal part of the study. Among the 108,711 participants, 6260 had serum 25(OH)D levels <20 ng/mL that after 4-26 weeks had increased to between 30 and 100 ng/mL (repletion group). In the control group, 2332 patients had 25(OH)D levels <20 ng/mL at both measurements. In the repletion group, there was an increase in serum 25(OH)D of 27.3 ng/mL whereas the increase in the control group was only 0.9 ng/mL. The assay used by the authors separated 25(OH)D2 (which almost exclusively comes from Vitamin D2 supplements) from 25(OH)D3 (which comes from cutaneous Vitamin D3 production). About 81% of the increase in 25(OH)D in the repletion group represented 25(OH)D2. This shows that the increase in the repletion group was mainly the result of Vitamin D2 supplementation, and if Vitamin D supplementation has any clinically significant effect on serum lipids, one should in this setting have a reasonably good chance of detecting it. [34] Good quality prospective trials assessing adequate doses of Vitamin D supplementation in individuals with relatively low serum levels of Vitamin D levels are needed to understand the role of Vitamin D in the prevention of CVD. It appears that VD has emerged as an independent risk factor for various CVD s including MI and CHD.
Vitamin D benefits in glucose intolerance
T2DM is considered a state of IR (beta-cell compensation), and insulinopenia (beta-cell decompensation) is characterized by progressive deterioration in beta-cell function and eventual loss of beta cell mass. The mechanism by which Vitamin D deficiency and T2DM are related is not well known. [35] Poor Vitamin D status may play a role in the development of type 2 diabetes because cross-sectional epidemiologic studies have found that low Vitamin D status is associated with increased risk of glucose intolerance or diabetes. Furthermore, longitudinal studies have shown that poorer Vitamin D status is associated with an increased incidence of type 2 diabetes. However, there is no strong evidence from randomized clinical trials that Vitamin D supplementation affects glucose homeostasis. Altered calcium and Vitamin D homeostasis are associated with IR, reduced β-cell function, MS, glucose intolerance, and diabetes. [36] Vitamin D has a very important role in ensuring adequate calcium influx through cell membranes, which is required to preserve various insulin-mediated processes in insulin-responsive tissues, such as skeletal muscle and adipose tissue. Supporting this finding is an intriguing correlation between Vitamin D deficiency and type 1 diabetes. This may be due to the ability of Vitamin D to preserve insulin release modulating the extracellular and intracellular calcium pools. Further, both T2DM and VD share similar risk factors, including obesity, physical inactivity (which may correspond with decreased time outdoors and reduced exposure to sunlight), age, and nonwhite ethnicity. Finally, both glucose levels and serum 25(OH)D vary seasonally. It has been further suggested that the seasonal variation reported for blood glucose may be due to the seasonal variation seen with serum 25(OH)D, which is lower in winter because of decreased sun exposure. [37] Previous studies have documented an association between 25-hydroxy Vitamin D (25-OH-D) levels and glucose intolerance, but few have focused on community norms. A culturally unique and medically underserved community in which traditional dress is worn may limit sun exposure and dietary preferences may further contribute to 25(OH)D deficiency. Animal and in vitro studies provide compelling evidence that Vitamin D may play a functional role in the preservation of glucose tolerance through its effects on insulin secretion and insulin sensitivity. Vitamin D deficient rabbits present with impaired insulin secretion, and supplementation with Vitamin D corrects the defect. Mice with mutations in the VDR have impaired insulin secretion and lower glucose tolerance than those with functional receptors in vitro. Vitamin D induces the biosynthesis of insulin in rat pancreatic islet cells and in another study inhibited free fatty acid-induced IR (i.e., improved glucose uptake) in cultured myocytes in a dose-dependent manner. The insulin-sensitizing effects were mediated by a reduction in c-Jun N-terminal protein kinase (JNK) activation. JNK is a key regulator of many cellular events, including programmed cell death (apoptosis). [37] Vitamin D deficiency may influence its effects on insulin secretion and sensitivity through its effects on intracellular calcium. Elevated intracellular calcium impairs postreceptor binding insulin action, such as the dephosphorylation of glycogen synthase and of insulin-regulatable glucose transporter-4. Vitamin D deficiency results in elevated PTH, which in turn is known to elevate intracellular calcium. Sustained elevations of intracellular calcium may inhibit insulin target cells from sensing the brisk intracellular calcium fluxes necessary for insulin action, such as glucose transport. Pancreatic cells also depend on an acute intracellular calcium increase for insulin secretion, which may also be attenuated with elevated cytosolic calcium. [38] However, most of the interventional studies discussed above are done on small sample sizes; this might be responsible for the contradictory nature of the results. Thus, well-planned RCTs are required to shed more light on the nature of association between VD and T2DM.
The role of Vitamin D in hypertension
Vitamin D deficiency is highly prevalent and may contribute to arterial HTN. The antihypertensive effects of Vitamin D include suppression of renin and PTH levels and renoprotective, anti-inflammatory, and vasculoprotective properties. Low 25-hydroxyVitamin D levels, which are used to classify the Vitamin D status, are an independent risk factor for incident arterial HTN. Meta-analyses of controlled trials showed that Vitamin D supplementation reduces systolic BP by 2-6 mmHg. However, further studies are needed before drawing a final conclusion on the effect of Vitamin D therapy on BP and cardiovascular risk. [39] Several epidemiologic and clinical studies have suggested an association between Vitamin D deficiency and cardiovascular risk factors (e.g., HTN), and it is now widely accepted that patients with Vitamin D plasma levels below the recommended 75 nmol/L (30 ng/mL) have higher systolic and diastolic BP levels. [40] Several mechanisms might explain the observed association of Vitamin D plasma levels and HTN. Vitamin D and its analogs inhibit renin secretion and activity, thereby acting as a negative endocrine regulator of the renin-angiotensin system. [41] Inhibition of 1, 25-dihydroxyVitamin D3 synthesis increased renin expression, whereas 1, 25(OH)2D3 injection leads to renin suppression. Vitamin D regulation of renin expression is independent of calcium. Fifty clinical trials report metabolism and 1, 25(OH)2D3 suppresses renin transcription by a VDR-mediated mechanism in cell cultures. Moreover, Vitamin D has direct effects on the vascular wall where it exerts antiproliferative effects on vascular smooth muscle cells. [42] In a recent meta-analysis of 18 independent RCTs on Vitamin D supplementation, including 57,311 participants, the authors report that even a supplementation with ordinary doses of Vitamin D decreases total mortality. Daily doses of Vitamin D supplements ranged from 300 to 2000 IU with a mean dose in all trials of 528 IU. The summary relative risk for mortality from any cause was 0.93 (95% confidence interval, 0.87-0.99). However, the specific cause of death and optimal Vitamin D dosing were not considered. [43] Data from cross-sectional studies reported that low 25-hydroxyVitamin D is associated with higher systolic BP and higher incidence of HTN. Large observational studies show a weaker, yet similar association, but they have not accounted for the change in Vitamin D levels over time. Randomized control trials conflict with observational data probably due to differences in populations studied, doses of Vitamin D used, and unmeasured confounders. Further research is needed before clinical practice recommends Vitamin D prescription as treatment for HTN in the general population. [44] In 2010, a large systematic review was published in which an analysis of 13 observational studies and 18 randomized trials was made. It noted that while in a meta-analysis of three cohorts, lower 25(OH)D concentration was associated with incident HTN; while in another meta-analysis of 10 trials, the supplementation with Vitamin D did not bring about a significant reduction in systolic BP and there was no effect on diastolic BP. [42] Thus, the association between VD and HTN is not firmly established. However, in the backdrop of some of the evaluated studies suggesting that VD may be a risk factor for HTN, good quality randomized trials are required to elucidate the exact role of VD in the development of HTN.
Vitamin D supplementation during pregnancy
The function of Vitamin D during pregnancy for both mother and fetus remains largely undefined. Vitamin D is known to be involved in skeletal homeostasis during pregnancy as evidenced by a recent publication dealing with craniotabes in the newborn, and severe Vitamin D deficiency may lead to neonatal seizures in those neonates with profound hypocalcemia. [48] Vitamin D requirements are probably greater in pregnancy, as evidenced by physiologically higher 1,25-dihydroxyVitamin D levels seen in the second and third trimesters. While 1,25(OH)2D levels do not correlate directly with 25-hydroxyVitamin D concentrations, the physiological rise in the active metabolite, the enhanced intestinal calcium absorption, and enhanced fetal requirement of calcium (250 mg/day in the third trimester) all point to the importance of Vitamin D biology in pregnancy. [51] A RCT done on women with a singleton pregnancy at 12-16 weeks' gestation received 400, 2000, or 4000 IU Vitamin D3/day until delivery. The primary outcome was maternal/neonatal circulating 25(OH)D at delivery, with secondary outcomes 25(OH)D ≥80 nmol/L achieved and 25(OH)D concentration required to achieve maximal 1,25(OH)2D production. The results indicated that Vitamin D supplementation of 4000 IU/day for pregnant women was safe and most effective in achieving sufficiency in all women and their neonates regardless of race while the current estimated average requirement was comparatively ineffective at achieving adequate circulating 25(OH)D, especially in African Americans. [49] Another meta-analysis studied the effects of oral Vitamin D supplementation (alone or in combination with other vitamins and minerals) during pregnancy on maternal 25(OH)D levels and risk of developing preeclampsia, gestational diabetes, preterm birth, impaired glucose tolerance, cesarean section, gestational HTN, and other adverse conditions. It concluded that supplementing pregnant women with Vitamin D led to significantly higher levels of 25(OH)D at term compared to placebo/control, but results were inconsistent. Vitamin D supplementation, with or without calcium, may be related to lower risk of preeclampsia, but more studies are needed to confirm this. [50] At this time, there is insufficient evidence to support a recommendation for screening all pregnant women for Vitamin D deficiency. For pregnant women thought to be at increased risk of Vitamin D deficiency, maternal serum 25-OH-D levels can be considered and should be interpreted in the context of the individual clinical circumstance. [51] Toxicity and over supplementation of Vitamin D
The main consequence of Vitamin D toxicity is a buildup of calcium in the blood (hypercalcemia).
Patients usually present with nausea, vomiting, weakness, and altered level of consciousness. Polyuria, excessive thirst, and other manifestations such as painful periarticular calcinosis, nephrocalcinosis, HTN, renal failure or band keratopathy, and hearing loss have been reported. The symptoms of Vitamin D toxicity can stem from the deposition of calcium phosphate crystals in soft tissues throughout the body, which can occur once the calcium phosphate product is >60. [52] The mechanism of Vitamin D toxicity in hypervitaminosis D is postulated to be an overwhelming of the Vitamin D signal transduction process, whereby the catabolic system is unable to keep up with the target cell levels of activated Vitamin D metabolites. Three major theories have been put forth by researchers about the mechanisms of Vitamin D toxicity. All involve increased concentrations of a Vitamin D metabolite reaching the VDR in the nucleus of target cells and causing exaggerated gene expression. [53] Vitamin D intoxication is a treatable cause of hypercalcemia. Calcitriol-induced hypercalcemia usually lasts only one to 2 days due to the short biologic half-life of the compound. Discontinuing the calcitriol, increasing salt and fluid intake or additional hydration with intravenous saline may be the only treatment needed. In contrast, hypercalcemia induced by intoxication with longer lasting preparations such as dihydrotachysterol, Vitamin D3, and Vitamin D2 takes longer to resolve because of deposition of ingested Vitamin D in fat and its consequent slow release. Therefore, more aggressive therapy including intravenous hydration, diuretics, and glucocorticoids is needed. Since the hypercalcemia of Vitamin D intoxication results from increased intestinal absorption of calcium and from the direct effect of 1,25(OH)2D3 to increase resorption of bone in severe cases, therefore, bisphosphonate therapy can be usefully added to the therapeutic regimen of hydration and omission of dietary calcium. [53, 54] coNclusioN Vitamin D deficiency (VDD) has been classically associated with decreased health. When it comes to supplementation with Vitamin D, the question addressed by intervention studies has been primarily whether Vitamin D supplementation may be effective for either the treatment or prevention of various conditions. However, it is important to recognize that the majority of recommendations regarding Vitamin D supplementation have in focused on the role of Vitamin D in bone health. New guidelines for supplementation with Vitamin D, beyond just the skeletal manifestations of VD, have the potential for an enormous public health improvement. Until such guidelines are confirmed and published, practitioners should focus on maintaining adequate serum concentrations of Vitamin D in their patients by means of adequate nutrition or when indicated supplementation in patients at risk of developing cardiometabolic disorders, to achieve better treatment results and improved health.
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